BACKGROUND: As the US transitions to value-based healthcare, physicians and payers are incentivized to change healthcare delivery to improve quality of care while controlling costs. By assisting with the management of common chronic conditions, community health workers (CHWs) may improve healthcare quality, but physicians and payers who are making choices about care delivery also need to understand their effects on healthcare spending. METHODS: We searched PubMed, Cochrane Database of Systematic Reviews, Cochrane Central Register of Controlled Trials, PsycINFO, Embase, and Web of Science from the inception of each database to 22 June 2015. We included US-based studies that evaluated a CHW intervention for patients with at least one chronic health condition and reported cost or healthcare utilization outcomes. We evaluated studies using tools specific to study design. RESULTS: Our search yielded 2,941 studies after removing duplicates. Thirty-four met inclusion and methodological criteria. Sixteen studies (47%) were randomized controlled trials (RCTs). RCTs typically had less positive outcomes than other study designs. Of the 16 RCTs, 12 reported utilization outcomes, of which 5 showed a significant reduction in one or more of ED visits, hospitalizations and/or urgent care visits. Significant reductions reported in ED visits ranged from 23%-51% and in hospitalizations ranged from 21%-50%, and the one significant reduction in urgent care visits was recorded at 60% (p < 0.05 for all). DISCUSSION: Our results suggest that CHW interventions have variable effects, but some may reduce costs and preventable utilization. These findings suggest that it is possible to achieve reductions in care utilization and cost savings by integrating CHWs into chronic care management. However, variations in cost and utilization outcomes suggest that CHWs alone do not make an intervention successful. The paucity of rigorous studies and heterogeneity of study designs limited conclusions about factors associated with reduced utilization.
INTRODUCTION
Global and capitated payment models are changing healthcare delivery. These payment models set up incentives for practices to reduce use of costly services, while maintaining or improving health outcomes. Relative to a fee-for-service model, global payments give hospitals and primary care practices more flexibility to fund new ways of delivering care. Consequently, physicians and practice managers need to understand the evidence base on the value of care models.
Community health workers (CHWs), who have minimal formal training in healthcare and are hired primarily for their connection to a community, 1 have long been employed by primary care practices. Typically grant funded and not reimbursed through fee for service, they focus on health education, prevention, or chronic disease management for vulnerable and minority populations. [1] [2] [3] As value-based payment models expand, providers will have more flexibility to fund CHWs with global budgets, or payers may elect to reimburse for CHW services. [4] [5] [6] The emerging evidence base on CHW programs 7 for the prevention and management of chronic diseases includes systematic reviews concluding that CHW interventions can improve overall health outcomes 8 and outcomes for patients with heart disease, stroke, 9 type II diabetes, [10] [11] [12] HIV, 13 and asthma 2, 14 and for vulnerable patients with or at risk for a variety of chronic diseases or cancer. 15 Other systematic reviews have also documented the costs and cost-effectiveness of CHW programs, 15 but none, outside of low and middle-income countries, 16 have examined the impact of CHWs on the utilization of health services by patients with chronic conditions. Because of their focus on prevention and disease management, CHWs have the potential to reduce use of certain preventable, costly healthcare services, such as emergency department (ED) or urgent care visits. In deciding whether to incorporate CHWs into a primary care practice, physicians and payers would benefit from an understanding of how CHWs impact
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In this context, we conducted a systematic review of studies that have a cost or healthcare utilization outcome, evaluate CHW interventions for chronic disease management, and are relevant to primary care. We can understand the effects of CHWs either directly, by measuring costs, or indirectly, by measuring how CHWs change potentially preventable utilization, an outcome that affects payers and practices using global or bundled payment models, but also affects healthcare efficiency and quality. Ours is the first systematic review to focus solely on the financial impacts of CHWs for chronic care management in the US. We limited our search to chronic care management because it is an area in which CHWs have potential to reduce spending, as patients with chronic conditions are among the most expensive and have the most preventable healthcare use. 17, 18 These findings may inform physicians and payers and will help prioritize gaps for future research to address.
METHODS
This systematic review was conducted in accordance with Preferred Reporting Items for Systematic Reviews and MetaAnalyses (PRISMA) guidelines. 19 Protocol information can be accessed on the PROSPERO International register of systematic reviews online.
Search Strategy
We searched PubMed (1809- . Our search strategy identified articles containing one or more terms related to the following three ideas: (1) CHWs, (2) cost or healthcare utilization related to chronic care management, and (3) a United States setting (see Appendix 1, available online, for complete search strategy). We searched both free text and controlled vocabulary words and translated search terms into syntax appropriate for each database.
In order to capture the breadth of CHW job titles, we drew search terms from: (1) previous systematic reviews on CHWs, 8, [20] [21] [22] (2) specific job titles used for CHWs in Massachusetts, based on a survey of CHW programs conducted by the Massachusetts Department of Public Health, 23, 24 and (3) additional terms on health coaching and doulas, some of which were added after consulting with staff at the Massachusetts Department of Public Health's Office of CHWs. Massachusetts is one of two states 25 with an office of CHWs and has a range of CHW programs, making the list of job titles broad.
Eligibility Criteria
We included peer-reviewed, primary research studies published in English that met the PICOS criteria displayed in Table 1 .
Study Selection
Two researchers (SA, HJ) independently screened the titles, abstracts, and full texts of all studies, reconciling any differences through discussion and excluding studies that did not meet eligibility criteria. A third reviewer (ES) acted as a tiebreaker for any inclusion/exclusion disagreements. Following the full text screen, we screened the bibliographies of the included studies and articles that cited the studies. Any relevant titles were screened by abstract then by full text, as in the original screening process. Selected studies were incorporated into the final list of included studies. A primary care provider (RP) reviewed the list of included studies and excluded any studies not relevant to a primary care setting.
Studies were also assessed for methodological rigor. A team of two researchers (SA, LS) reviewed and evaluated studies by design type using the following scales: Jadad Scale for RCTs, 26 Quality Assessment Tool for Quantitative Studies for pre-post (single arm) studies, 27 Newcastle-Ottawa Scale *We reported funding sources as one or more of seven types: private foundation, insurance provider, state or federal, healthcare provider, academic institution, local government, or other non-profit organization †Intensity: number of visits, average length of visits (min), intervention length months, all group visits = 3, mixed group/one on one = 2, only one on one = 1, NS = Not stated ‡To describe the CHW role, we categorized CHW roles into eight groups: connecting patients with social service, care coordination, connecting patients to health services, health coaching, home visiting, environmental modification, advocacy, and health education. We assigned one or more of these labels to each study to capture all of the activities that the CHWs performed §Community health workers were explicitly reported as bilingual for non-randomized matched cohort design, 28 and Consensus on Health Economic Criteria for the cost-effectiveness studies. 29 (Details on study exclusion at this step are presented in Appendix 2, available online.) Studies were not compared across scales, as there was no way to standardize ratings. Instead, we provide each study's design (Table 2) , outcomes (Table 3) , and risk of bias (Appendix 2) to facilitate interpretation of results.
Data Collection and Synthesis
We extracted data based on a codebook developed by members of the research team (SA, HJ). The codebook included definitions for each indicator and sample extractions. Indicators selected are displayed in the top row of Tables 2 and 3 and adhered to the PICOS criteria: patient (participant characteristics), intervention, comparison (study design and comparison group if present), outcome, and setting. Two researchers (HJ, SA) piloted the codebook on a small sample of studies and compared data extracted for consistency. The codebook was revised based on inconsistencies. Based on preliminary analysis of the data, we classified CHW activities into eight categories (Table 2 ) and described each intervention using one or more activity labels. As we extracted cost or outcome data, we maintained the units and format of data as the initial study presented it. We considered a p-value of less than 0.05 statistically significant. Because of variation in intervention and outcome reporting, we were not able to conduct a metaanalysis of study findings and thus had no specific summary measures. We compared the characteristics (displayed in Table 3 ) of RCTs with significant or non-significant results for the most costly utilization indicators (hospitalizations, urgent care visits, and ED visits) to look for trends and develop hypotheses about which features contribute to positive outcomes. We focused on RCTs in these comparisons because of their increased methodological rigor and decreased susceptibility to publication bias. 31, 32 To examine trends in CHW intervention efficacy by population, we examined outcomes of studies addressing certain key conditions (asthma, diabetes) and targeting low-income populations.
To facilitate comparison between studies, we grouped the studies by outcome for our analysis and compared studies only within each outcome. We indicate only the direction of change and its statistical significance (significant, not significant, not calculated). Studies were considered statistically significant if they had p < 0.05. Detailed information about the outcomes of each study is displayed in Table 3 .
In this review, we aim to test the hypotheses that:
1. CHWs reduce healthcare costs and utilization. 2. Interventions that have CHWs integrated into the care team will have more positive results than those that do not integrate CHWs.
RESULTS
Our search yielded 2,941 results after duplicates were removed, 43 of which satisfied inclusion criteria (Fig. 1) . We excluded nine studies based on the methodological review, leaving 34 studies in the final review (Appendix 2, available online). Reviewers were consistent in 91% of inclusion/ exclusion decisions in both abstract and full text screens.
Description of Included Studies
Sixteen studies (47%) were randomized control trials (RCTs), eight were pre-post studies (24%), six were cohort studies (18%), and four were cost-effectiveness analyses (12%). Interventions generally targeted either children (n = 13; 38%) or adults (n = 18; 53%), with only three (9%) including both. Most studies included only patients with a specific chronic condition, including asthma (n = 14; 41%), diabetes (n = 6; 18%), hypertension (n = 1; 3%), stroke (n = 1; 3%), or HIV (n = 1; 3%). Some studies had prior preventable healthcare use, such as recent ED visits for asthma, as an inclusion criteria (n = 14; 41%) or included only low-income, Medicaid, or uninsured patients or recruited patients from low-income areas (n = 14; 41%). Interventions varied in intensity, lasting from two weeks to two years, and consisted of individual visits (n = 28; 82%), group visits (n = 3; 9%), or a combination of the two (n = 1; 3%) (two studies did not specify visit type.) Seven studies (21%) described specific ways in which CHWs were integrated into the care team. Information about the study setting, intervention, and patient population are shown in Table 2 .
Emergency Department Visits
Nineteen studies (56%) measured change in ED visits during or after the CHW intervention. Of those, eight were RCTs, and three showed a significant decrease in ED visits during or after the intervention, relative to a randomized control. [33] [34] [35] Five showed no significant difference in ED visits. [36] [37] [38] [39] [40] Of the eight pre-post studies, five showed a significant decrease in ED visits relative to a baseline measurement, [41] [42] [43] [44] [45] and one had no significant decrease. 46 Two pre-post studies did not indicate statistical significance; of these, one intervention resulted in a decrease in ED visits 47 and one in an increase in ED visits. 48 There were three cohort studies that examined ED use, two of which showed significant decreases in ED use in the intervention group. 49, 50 Hospitalizations Seventeen studies (50%) assessed the effect of the CHW intervention on hospitalizations, primarily during the CHW intervention. Of the seven RCTs, six showed no significant decrease in hospitalizations relative to a control or a randomized observation group. 34, 35, 37, 39, 40, 51 One showed a significant decrease relative to the control. 36 Of the seven pre-post studies that assessed hospitalization, all showed a decrease in Pediatric and adult, none hospitalizations, 41, [43] [44] [45] [46] [47] [48] but only five indicated statistical significance. 41, [43] [44] [45] [46] Three cohort studies assessed the effect of the intervention on hospitalizations. One showed a decrease in costs without significance given 52 ; two indicated a significant decrease relative to an observation cohort.
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Urgent Care Visits
Seven studies (21%) measured the effect of the CHW intervention on use of urgent care or other unscheduled outpatient medical services. Two of four RCTs demonstrated a significant decrease relative to control, 40, 53 and two showed no significant decrease relative to control. 54, 55 Of the four pre-post studies measuring this outcome, three demonstrated a statistically significant decrease, 41, 44, 45 and one showed a non-significant increase. 46 
Medication Use
Fifteen studies (47%) measured medication use, assessing adherence (six studies), preventable use (six studies), or both (three studies). Of those assessing adherence, three RCTs found no significant change relative to a control. 33, 56, 57 Of four pre-post studies, three found an increase relative to †Indicates significance within groups (pre-post single sample) ‡This cost-effectiveness study also included some outcome results reported relative to a randomized control and is considered an RCT in discussions of those outcomes Fig. 1 Flowchart of inclusion and exclusion of studies baseline, 43, 44, 47 and one cohort study noted increased adherence relative to an observation cohort. 58 Of the four RCTs measuring preventable use, three found a statistically significant decrease relative to a control. 40, 54, 59 Three pre-post studies found a decrease in preventable use relative to baseline. 43, 45, 46 One cohort study found no change in emergency medication use, 49 while another (the only study that measured medication costs) noted a significant decrease in nonnarcotic prescription costs for the control cohort relative to the CHW group. 5 
Scheduled Outpatient Visits
Eight studies (24%) assessed aspects of healthcare utilization other than ED visits, hospitalizations, urgent care, or medication use. Of those, all measured scheduled outpatient visits, such as scheduled primary care provider appointments or maintenance appointments for a chronic condition. Three of six RCTs showed a significant increase in visits relative to a control, 39, 51, 60 while three had no significant change. 38, 40, 61 One pre-post study found no significant change in clinic visits, 41 and a single cohort study saw a significant increase in ambulatory care. 62 
Cost reporting
The 17 studies (50%) that reported either program costs, overall costs (including savings from changes in utilization), or both are summarized in Table 4 . In the 14 studies that reported on program costs, the cost per patient or family per year ranged from $200 to $1472, but studies were not consistent in which operational costs they included in these totals, which does not enable direct comparison.
Eleven studies tracked changes in overall costs, including both the intervention costs and savings from reduced utilization. Seven studies included both the cost of the intervention and overall healthcare cost-related outcomes, and four studies reported cost-related outcomes without directly reporting operational costs. Eight studies found the CHW interventions decreased costs, while three suggested that the CHW interventions yielded no savings. 5, 40, 58 Two studies, both of which focused on care for adults with type II diabetes in Texas, assessed the cost-effectiveness of a CHW intervention. One found that each additional qualityadjusted life year (QALY) gained as a result of the CHW intervention cost $10,995 to $33,319. 63 The other found that each additional QALY cost $13,810. 64 The typical benchmark for the cost-effectiveness of an intervention is $50,000 or less per QALY. 65 
Features of Interventions with Positive Utilization Outcomes
Fourteen studies (41%) demonstrated a statistically significant decrease in ED visits, hospitalizations, or urgent care visits among patients who received a CHW intervention, relative to a randomized control, baseline measure, or observational cohort. An additional three studies reported positive results for these outcome measures, but did not calculate statistical significance. To assess whether interventions with reductions in ED utilization, hospitalizations, and/or urgent care were associated with distinct patient traits, we examined these outcomes across common populations. Of 13 studies focused on pediatric asthma populations, significant reductions were achieved in hospitalization, ED visits, or urgent care visits in 9 of the 10 studies that reported these outcomes. Six studies focused on diabetic populations, where two of three studies achieved key outcome reductions. Fourteen studies focused on low socioeconomic status or public insurance populations, and significant reductions across key outcomes were reported in seven of nine studies. A more detailed examination of utilization indicators by these populations is presented in Appendix 3, available online.
There was a trend for non-randomized studies to have more positive outcomes than RCTs. Table 5 .
DISCUSSION
Our results provide evidence that CHW-based interventions have the potential to reduce costs and preventable healthcare utilization. We have shown that many, but not all, CHW interventions reduce healthcare utilization (Hypothesis One) and that interventions with CHWs integrated into the care team trend toward better outcomes (Hypothesis Two). Because of the variability in interventions, outcomes, and study quality, our findings do not allow us to draw firm conclusions about the effects of CHW interventions on costs or healthcare utilization.
Of the studies that reported overall costs, the majority found that the CHW interventions were cost saving, and all studies that measured the per-patient annual cost indicated that interventions are low cost, less than $1500 per patient per year. Additionally, while RCTs showed variation in intervention effects, 42% of the RCTs that measured ED visits, hospitalizations, or urgent care visits found that the CHW intervention resulted in a statistically significant decrease in the use of at least one of those services relative to a control. Further, our results suggest that CHWs may be better suited to address the needs of patients who are at high risk of preventable health emergencies, rather than those with more advanced disease, who may require intensive inpatient care: only one RCT found that the CHW-based 8, 15 Together, these findings can help payers choose which types of CHW interventions to fund.
Our review shows that costs or utilization was assessed in CHW-based interventions used to meet the needs of patients with five different chronic diseases or a combination of chronic conditions. There was, however, a focus on interventions for patients with asthma. While asthma accounts for a relatively larger number of preventable ED and hospital visits than many chronic conditions, 18, 66 there is a need to explore the role that CHWs can play in improving outcomes and reducing costs for other conditions. For example, none of the studies in this review focused on behavioral health, although CHWs have been involved in mental health and substance use disorder care, 67 and behavioral health is often high cost for payers and hospitals. 68 The variation in the cost and utilization outcomes suggests that CHWs alone do not make an intervention successful. Like other healthcare workers, CHWs can be deployed in different ways. By examining characteristics of the positive and negative RCTs, we can develop hypotheses about what intervention characteristics may contribute to positive outcomes. Our findings allow us to hypothesize that setting (outside a hospital), integration (CHWs within a care team), and duration (1 year or more) may contribute to successful CHW interventions. These hypotheses warrant further study, as they are based on a small number of heterogeneous studies and observed trends, rather than statistical analysis. Overall, however, there were few apparent differences between the interventions that produced positive results and those that did not. The lack of clear differentiating factors may be, in part, due to the paucity of research on effects of CHW-based interventions in the US, constraining the sample size of this systematic review. There is also variable standardization and detail in descriptions of CHW-based interventions, limiting our ability to identify differentiating factors. To improve published descriptions of future interventions, we propose *Significant difference in ED visits, urgent care visits, or hospitalizations †Based on insurance status, income status, or residence in low-income area ‡The Jadad Scale provides a quality rating out of 5 for RCTs; a score of 5 indicates greatest rigor characteristics that should be reported for all CHW programs in Table 6 . Our review has a number of limitations. First, there is great heterogeneity in study design, population, reporting of intervention characteristics, and outcomes measured, making it difficult to compare studies or determine which intervention characteristics are associated with positive outcomes. Second, the methodological rigor of the included studies is variable. Many were not RCTs, and some did not include calculations of statistical significance. However, we conducted a detailed methodological review, which improved the quality of evidence included and facilitated interpretation of evidence in light of methodological rigor. Third, the findings of this review are likely affected by publication bias, as studies with negative results are less likely to be published (in particular, non-RCT designs). By using the complete list of CHW job titles collected by the Massachusetts Department of Public Health, however, we were able to identify relevant published studies that may not have been captured in the narrower search strategies used in previous reviews on CHWs. Fourth, CHWs have many positive effects on health, including improving health outcomes and experience of care, that are not captured in the financial impacts that were the focus of this study. These health effects may, in the long-term, reduce costs, but the savings may not be realized within study evaluation periods. Fifth, we excluded interventions in which CHWs were unpaid or received only a stipend, which left out some studies that were part of prior systematic reviews.
The review highlights many opportunities for research. Future studies should test the hypotheses generated in our analysis of effective CHW interventions (setting, duration, and care teams); examine characteristics that have received little attention in the current literature, including supervision structures, smartphonebased strategies combined with CHW care, and alternate settings for chronic condition management; and identify which segments of the population would be most appropriate for CHW interventions, examining diagnosis, disease severity, minority status (racial, ethnic, linguistic), and comorbidities. We should also explore how to scale-up and sustainably fund evidence-based CHW interventions, as few interventions have been scaled at a population level, and there will be greater incentive to develop and test interventions if long-term funding is available. 
